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Introduction

33
Cerianite is tetravalent cerium dioxide (CeO2) and has the fluorite structure (space group
(
3 )) [1] . In nature, cerianite exists in rare earth ores [2] [3] [4] [5] . Cerianite has oxygen storage 35 capacity due to a facile redox reaction from tetra-to trivalent cerium, as described in equation (1) 
36
[6], and the ability to improve dispersion of noble metals [7] and provide thermal stabilization of 37 alumina supports [8] . Owing to these unique properties, cerianite has been widely used as a
38
promoter of the three-way catalyst for automobile exhaust emission control [6, 7] .
39
CeO → CeO + x 2 O
In addition, it has been reported that the reducibility of cerianite is enhanced by addition of 40 yttrium [9, 10], gadolinium [11, 12] , and zirconium to form a solid solution [13, 14] . Previous 41 papers [9] [10] [11] [12] [13] [14] reported that a solid solution of cerianite was reduced from tetra-to trivalent cerium 
82
(Ce), cerite, and monazite-(Nd) were trivalent cerium minerals, while cerianite was the only 83 tetravalent cerium mineral. 
115
To analyze the structural change caused by grinding, XAFS analysis at the cerium K-edge
116
was conducted on samples without and with grinding using the BL14B2 beamline at the SPring- 
137
The XAFS spectra at the cerium K-and LIII-edges [2] corresponding to the XANES region are
138
shown in Figure 1 for samples without and with grinding. Tri-and tetravalent cerium peaks at 139 the cerium K-edge XAFS spectra were observed at 40 460 eV and 40 470 eV, respectively. The
140
valence of cerium was already identified by XANES analysis at the cerium LIII-edge XAFS spectra,
141
as shown in Table 4 [2]. The concentration of trivalent cerium significantly increased with 142 grinding time. It was confirmed by both the cerium K-and LIII-edge XAFS spectra that the 143 energetic shift corresponded to the change in valence of cerium (Figure 1(a) ). The results of
144
XANES analysis using XAFS spectra at the cerium K-edge are shown in 
149
Cerium is the first element in the Periodic 
151
(1s 2 2s 2 2p 6 3s 2 3p 6 3d 10 4s 2 4p 6 4d 10 4f 1 5s 2 5p 6 5d 1 6s 2 ). From Figure 
156
The peak of CeF3 at 5725 eV is derived from the 2p to (4f 1 )5d electronic transition [32, 33] . In CeO2,
157
all tetravalent cerium normally leaves the host atoms and transfers into the 2p bands of two 158 oxygen atoms; in trivalent cerium trioxide (Ce2O3), the cerium 4f electron is fully localized [34] .
159
From the above discussion, it is suggested that the structural change of cerianite in weathered 160 residual rare earth ore during mechanochemical reduction involved localication-delocalization
161
of the cerium 4f electron. 
162
168
and tetravalent cerium oxide reference spectra, respectively.
The k 3 -weighted EXAFS spectra and RDF of CeO2 of samples without and with grinding are parametric values are listed in Table 6 . It should be noted that the third shell (Ce(III)-Ce(III)) 173 contribution was quite minor relative to that of the fourth shell (Ce(IV)-Ce(IV)), and significant 174 overlap existed between these two shells in the RDF. Figure 2 shows that the k 3 -weighted EXAFS spectra of the sample without grinding was 176 similar to that of the sample ground for 10 min, but these differed from those of samples ground
showed that the structure of cerianite in the weathered residual rare earth ore started to change 179 after 10 min of grinding.
180
The curve-fitting results in Table 6 show that the coordination numbers of Ce(IV)-O and 
191
The atomic distances of both Ce(IV)-O and Ce(III)-O in cerianite also decreased as grinding
192
time increased, as shown in Table 6 . This trend was similar to the case of Gd2O3-doped cerianite 
212
Formation of a cluster composed of oxygen vacancies and trivalent cerium ions has been
213
proposed by some researchers, using the cluster model for the structure of cerianite, which is 
230
From the results of XANES and EXAFS analysis, it is suggested that the process of oxygen 
Conclusions
251
The objective of this study was to clarify the structural change of cerianite in weathered 252 residual rare earth ore during mechanochemical reduction. Results of XANES and EXAFS
253
analysis revealed that the structural change involved oxygen vacancies produced in the cerianite.
254
The process of the oxygen vacancy formation was closely coupled with the quantum effect of 
